SUMMARY Dorsal root stimulation, carried out during operation in 80 spastic cerebral palsy patients and in one spastic quadriplegic patient, allowed a study of abnormal monosynaptic and polysynaptic reflexes. Frequency-related depression of the monosynaptic reflex was not present; incrcased activity through non-suppressed polysynaptic pathways was shown. Eighty subjects with cerebral palsy, ages between 5 and 25, underwent functional posterior rhizotomy for the relief of spasticity.14 15 Dorsal root stimulation (DRS) was used to show which roots or rootlets were involved in abnormally excitable circuits; we will refer to these as pathological roots or rootlets. All of the subjects presented with spasticity, that is, increased stretch reflexes, hyperactive tendon reflexes and abnormal postural patterns. In a few of them, dystonic or athetoid attitudes or both were associated with spasticity.
The exact pathophysiological mechanisms underlying spasticity which determine its clinical features have not been fully elucidated. Even a concise and universal definition of what entities the term spasticity includes is not presently available.
Much of the investigative efforts have been focused on the gamma loop and muscle spindles, on the assumption that the main pathophysiology was related to gamma hyperactivity.1 2 In recent years, however, evidence has accumulated that simple gamma hyperactivity cannot account for all the features of spasticity and even the classical view of the gamma loop organisation has undergone modifications. [3] [4] [5] New evidence has shown that other mechanisms, such as lack of presynaptic inhibition and other abnormalities in interneuronal activity, may be involved in spasticity.6`0 These deductions resulted from the use of the tonic vibration reflex (TVR) and studies of the ratios of H reflex (vibration) to H reflex (control) and of Achilles tendon reflex to M response.7 9-12 Preliminary results of dorsal root stimulations (DRS) in cerebral palsy patients and its usefulness in the surgical management of spasticity have been reported previously by one of the authors.13"5 This paper deals with a detailed neurophysiological analysis of the abnormal reflexes in patients with spastic cerebral palsy and adds the findings in a neurophysiological study of a case of spinal spasticity.
Eighty subjects with cerebral palsy, ages between 5 and 25, underwent functional posterior rhizotomy for the relief of spasticity.14 15 Dorsal root stimulation (DRS) was used to show which roots or rootlets were involved in abnormally excitable circuits; we will refer to these as pathological roots or rootlets. All of the subjects presented with spasticity, that is, increased stretch reflexes, hyperactive tendon reflexes and abnormal postural patterns. In a few of them, dystonic or athetoid attitudes or both were associated with spasticity.
With the patient in the prone position, a D12-L1 laminectomy exposed the lumbar roots; the roots and rootlets were electrically stimulated in sequence. An average of about 105 rootlets were stimulated in each patient using bipolar hook electrodes which were separated by 1 cm. Care in handling the roots was paramount, as even a minimal stretch or compression could modify their electrical excitability. The earliest component of the VR discharge appears with stimulus intensities of approximately 1 -0 V and progressively increases in amplitude with stimulus intensity (fig 6 C-E). This initial synchronous low threshold response is presumably due to activation of the monosynaptic spinal reflex.20 21 It is followed by relatively prolonged activity which appears only at higher stimulus intensities (fig 6 B, D, E) at a latency of 4 ms. At the intensities required to evoke this later activity, contraction of the abdominal muscles at the umbilical level followed each stimulus. It is possible, therefore, that this later activity could be due to the resulting spindle afferent activity, since the reflex loop was intact. However, the estimated conduction distance to the site of visible muscle contraction was 40-50 cm; and impulses in la fibres, travelling at a rate of 100 m/s, would require 8 to 10 ms to complete the loop. Furthermore, these delayed discharges appeared while the monosynaptic response was depressed ( fig 8A) . The delayed responses were therefore attributed to polysynaptic reflex activity evoked by dorsal root stimulation.2' 22 Two methods were used to assess the excitability of these reflexes. Trains of repetitive stimuli at 5 V were delivered at various frequencies while monitoring the monosynaptic reflex responses (fig 7) . At frequencies of 60 Hz the first and fifth stimuli evoked responses of nearly controlled amplitude, but there is a marked depression of reflex excitability during the intervening 67 ms (fig 7B) . At higher stimulation frequencies (100-400 Hz), monosynaptic reflex excitability is increased for approximately 10 ms following the initial stimulus (fig 7 C-H Although bipolar recording does not permit a detailed analysis of the dispersed polysynaptic discharges, it is obvious from the responsiveness cycle (fig 8) that it is absent while the monosynaptic activity is initially enhanced. The polysynaptic responses return at 12-15 ms and are not depressed during the period of profound monosynaptic reflex depression (fig 8) .
Clinical correlations
Correlations between the observations made during operation and the clinical features have been made in the 36 cases selected for this study. Fig 11 shows the relationship between the clinical features (topographical extent of spasticity, severity of increase of stretch reflexes and of startle reactions) and the proportion of rootlets evoking pathologic reflex activity.
Twenty-six cases clinically showed spasticity affecting the lower limbs only. The number of rootlets with abnormal reflex activity was above 75 % of all the stimulated rootlets in 15 cases (57 %). A similar percentage of pathologic rootlets was found in 10 subjects with spasticity affecting all four extremities. 29 Lloyd et a128 attributed low frequency (below 10 Hz) depression to presynaptic mechanisms and high frequency, (above 10 Hz) depression to motoneurone subnormality, that is to postsynaptic mechanisms. Decandia et al,19 later proved that failure of transmission with frequencies up to 50 Hz following repetitive activation of la afferents is due to presynaptic mechanisms. Two mechanisms are involved in presynaptic depression of the monosynaptic reflex. One is depletion of the available transmitter in the presynaptic terminals,30 and the other is presynaptic inhibition. 4 The time course of presynaptic inhibition is such that it begins with a latency of about 5 ms, reaches its maximum at about 20 ms and lasts longer than 200 ms. 4 No reflex effects secondary to muscle spindle contraction seem to be involved, as similar frequency dependent depression has been observed in experiments where both the afferent nerve and the corresponding ventral roots have been sectioned.31 32 The time course of monosynaptic reflex depression we have observed in the roots or rootlets with normal reflex activity ( fig 3A) closely corresponds to the one of presynaptic inhibition on Ia afferents. Minimal or no depression, in fact, is observed when the interval between the stimuli is one second; depression becomes evident when the interval is 200 ms (5 Hz stimulation) and is maximal when the interval is 20 ms (50 Hz stimulation).
In cats and rats made rigid by experimental spinal cord asphyxia, monosynaptic reflexes exhibit less or no depression during low and high frequency repetitive stimulation.24 31-33 Our data (fig 3B-D) closely resembles their findings, and shows a lack of frequency-related inhibition of the monosynaptic reflex. As Delwaide7 stated, in cerebral spasticity all the propioceptive afferent impulses are able to gain direct access to the motoneuronal pool and exert a motor influence. It has been postulated by Delwaide7 and Ashby et a!9 that presynaptic inhibition is lacking in established spasticity. Our data suggests that there may be a lack of presynaptic mechanisms on the regulation of Ia afferents in cerebral spasticity, although other mechanisms, such as direct motoneuronal hyperexcitability and reduced postsynaptic inhibition, cannot be excluded.
An important observation from our study is that normal (fig 3A) or even reduced ( fig 3E) reflex activity of the monosynaptic arc can be observed in the spinal circuits of subjects with spasticity.
A remarkable feature of the results of DRS in the subject with spinal spasticity is the ability of the monosynaptic arc to follow stimuli to frequencies as high as 400 Hz (fig 7) . This correlates with the marked increase (up to 200-300 % of the conditioning response) of the test reflex response during the early facilitatory phase (fig 8) . Early facilitation can normally reach 120-160% of the conditioning shock34 and is normally present only after a submaximal afferent volley.35 Such an increase of this reflex activity with supramaximal stimuli is likely to reflect hyperexcitability of the synaptic system or reduced postsynaptic inhibition or both. The remaining part of the excitability cycle following paired supramaximal stimuli (fig 8) Lack of frequency-related depression of the monosynaptic reflex and abnormal spreading through polysynaptic pathways are two independent variables. This means that either abnormality or both can be present, although to a different extent in the same subject. The great variability of the spinal circuits found in the patients with cerebral palsy derives from the various intermingling of these abnormal reflex activities.
The polysynaptic response observed in the excitability cycle of the subject with spinal spasticity (fig 8) (fig 11) . 4 There is a correlation between the irradiation of the reflex response to the upper limbs, as elicited at surgery, and the spasticity topography as judged clinically preoperatively. As presented above, eight out of nine cases with polysynaptic irradiation to the upper limbs had a spastic involvement of the upper extremities in the preoperative evaluation.
A main conclusion is that in the reflex motor organisation of each subject with cerebral palsy, the overall pattern of abnormal motor responses can be revealed by activation of spinal circuits at different segmental levels. In the normal subject there are alternatives in the pattern of response to stimuli. The spastic patient particularly with cerebral palsy has, however, limited alternatives because of a stereotype response pattern which controls the segmental reflex activities. In case 1 (fig 12) , for instance, which clinically showed extensor hypertonia of the lower extremities, the quadriceps was constantly activated throughout DRS, independently of the segmental level of stimulation.
These observations are similar to what Dimitrijevic et a138 observed in spinal spasticity. They concluded that two principles govern the involvement of reflex polysynaptic pathways in this condition. They found, in fact, that once certain motoneurones are active, any stimulation will facilitate these motoneurones; at the same time, pathways to certain motoneurones are more easily available, and all stimulation tends to activate the same muscle groups.
It is therefore important to realise that when electrophysiological observations are used to investigate systematically complex reflex activities, continuous correlation with the clinical features is of paramount importance to the understanding of mechanisms of spasticity.
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